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)LJXUHSUHVHQWVK\GUROLWKRORJLFDOPDSVRIWKHVDPSOLQJUHJLRQWRJHWKHUZLWKWKHFRQFHQWUDWLRQOHYHOVRI&U9,
SSEȝJ/HOHFWULFFRQGXFWLYLW\(&ȝ6FP12PJ/DQG&OPJ/
 
 
)LJ+\GUROLWKRORJLFDOPDSVRIWKHUHJLRQWKHFRQFHQWUDWLRQVRI&U9,SSEȝJ/HOHFWULFFRQGXFWLYLW\(&ȝ6FP12PJ/DQG&O
PJ/DUHVKRZQIRUWKHGLIIHUHQWVDPSOLQJSRLQWV
)URP7DEOHLWFDQEHVHHQWKDWWRWDOFKURPLXPLVLQWKHIRUPRIKH[DYDOHQWFKURPLXP7KHFRQFHQWUDWLRQVRI
KH[DYDOHQW FKURPLXP SUHVHQW KLJK YDOXHV LQ JURXQGZDWHU VDPSOHV 7KH PD[LPD RI KH[DYDOHQW FKURPLXP
FRQFHQWUDWLRQDUHREVHUYHGLQJURXQGZDWHUVDPSOHVIURPWKHLUULJDWLRQGULOOVLQ3VDKQDSODLQ)LJXUH+H[DYDOHQW
FKURPLXP FRQFHQWUDWLRQV SUHVHQW ORZHU YDOXHV IRUZDWHU VDPSOHV IURP VSULQJV DQGGULOOV WKDQ WKRVH REWDLQHG IRU
JURXQGZDWHUIURPLUULJDWLRQGULOOV7KHSUHVHQFHRIKH[DYDOHQWFKURPLXPLQJURXQGZDWHULQGLIIHUHQWUHJLRQVLQ*UHHFH
LVPDLQO\DWWULEXWHGWRWKHSUHVHQFHRIRSKLROLWKLFPLQHUDOV7KHVWXGLHVRQWKHSURSHUWLHVRIRSKLROLWHVDQGDVVRFLDWHG
FKURPLXPPRELOLW\LQUHJLRQVRIFHQWUDO*UHHFHSRLQWRXWWKHSUREOHPRIJURXQGZDWHUFRQWDPLQDWLRQZLWKKH[DYDOHQW
FKURPLXP>@7KHVHVWXGLHVLQFOXGHUHJLRQVZKHUHFRQWDPLQDWLRQRIJURXQGZDWHUZLWKKH[DYDOHQWFKURPLXP
LV DOVR GXH WR LQGXVWULDO DFWLYLW\ 7KHUH LV OLWWOH GDWD RQ FKURPLXP UHOHDVH IURP &UULFK URFNV DQG VRLOV ZKHUH
DJULFXOWXUDODFWLYLW\LVDOPRVWWKHRQO\DQWKURSRJHQLFLQIOXHQFH$UHFHQWZRUNRQWKHSUREOHPLQ9HUJLQDSRLQWVRXW
WKHLQIOXHQFHRIDJULFXOWXUHLQWKHUHOHDVHRIKH[DYDOHQWFKURPLXPLQJURXQGZDWHU>@
)URP)LJXUHLWLVFOHDUWKDWWKHPD[LPDRIQLWUDWHFRQFHQWUDWLRQZHUHREVHUYHGLQJURXQGZDWHUVDPSOHVIURPWKH
LUULJDWLRQGULOOVLQ3VDKQDSODLQ,WLVHYLGHQWWKDWKLJKYDOXHVRIQLWUDWHFRQFHQWUDWLRQLQJURXQGZDWHURULJLQDWHIURP
IHUWLOL]DWLRQ,QWKHIROORZLQJSDUDJUDSKVWKHUHODWLRQEHWZHHQKH[DYDOHQWFKURPLXPDQGQLWUDWHZLOOEHGLVFXVVHG
(OHFWULFFRQGXFWLYLW\(&DOVRSUHVHQWVKLJKYDOXHVLQ3VDKQDSODLQZLWKPD[LPDIRUWKHVDPSOHVFRUUHVSRQGLQJWR
WKHFRDVWDO]RQH)LJXUH&KORULGHDWUDFHURIVHDZDWHULQWUXVLRQVKRZVWUHQGVYHU\VLPLODUWRHOHFWULFFRQGXFWLYLW\
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DVH[SHFWHG7KHUHVXOWVUHSRUWHGLQ7DEOHDQG)LJXUHFOHDUO\VKRZWKDWJURXQGZDWHULVFKDUDFWHUL]HGE\DVWURQJ
LRQLFFRQWHQWDQG WKLV LVPRUHSURQRXQFHGIRU WKHVDPSOHVFRUUHVSRQGLQJ WR WKHSODLQDQG WKHFRDVWDO]RQH7KXV
JURXQGZDWHUVDPSOHGLQWKHSODLQDQGWKHFRDVWDO]RQHLVFKDUDFWHUL]HGE\DKHDY\LRQLFPDWUL[DQGDVLPXOWDQHRXV
HQULFKPHQWLQQLWUDWHRULJLQDWLQJIURPLQWHQVHIHUWLOL]DWLRQDQGLQKH[DYDOHQWFKURPLXP
7DEOHVKRZVWKHFRUUHODWLRQPDWUL[IRUWKHGHWHUPLQHGSDUDPHWHUV$SDUWIURPWKHKLJKFRUUHODWLRQVDPRQJ(&
DQGPRVWRIWKHLRQLFVSHFLHVDVZHOODVWKHVXPRIHTXLYDOHQWVRIDQLRQVDQGFDWLRQVZKLFKDUHH[SHFWHGDQGFRQILUP
WKHTXDOLW\RIWKHGHWHUPLQDWLRQVWKHKLJKHVWFRUUHODWLRQVDUHREWDLQHGEHWZHHQ&U9,DQG12&U9,DQG0J
&U9,DQG(&$VLJQLILFDQWFRUUHODWLRQLVDOVRREWDLQHGEHWZHHQ&U9,DQG627KHVHUHVXOWVDUHDOVRVKRZQLQ
)LJXUH7KHFRUUHODWLRQEHWZHHQ&U9,DQG12REVHUYHGLQWKLVZRUNZDVDOVRREWDLQHGIRUVLPLODUFDVHVIRU
RWKHUUHJLRQVLQWKHZRUOGDQGLVDWWULEXWHGWRWKHUHVLGXHVRIIHUWLOL]HUV>@7KLVFRUUHODWLRQLVFRQVLVWHQWZLWKWKH
OHDFKLQJRI&U9,JHQHUDWHGLQWKHYDGRVH]RQHE\LUULJDWLRQUHWXUQZDWHUFRQWDLQLQJKLJKOHYHOVRI12
,QDGGLWLRQ WRSURYLGLQJ LQFUHDVHG OHDFKLQJRI&U9, IURP WKHYDGRVH]RQH WKHVROXWHVFRQWDLQHG LQ LUULJDWLRQ
UHWXUQZDWHUPD\LQIOXHQFH&U9,JHQHUDWLRQUDWHVDQGPRELOLW\1LWULILFDWLRQRIDPPRQLXPIHUWLOL]HUVUHVXOWVLQVRLO
DFLGLILFDWLRQDVLWFDQEHVHHQIURPUHDFWLRQ
   1+ 2 12 + + 2
   o    
&RPSOHWHQLWULILFDWLRQRIDW\SLFDODSSOLFDWLRQRIDPPRQLXPIHUWLOL]HUDSSUR[PJ1SHUNJVRLOUHVXOWVLQWKH
LQSXWRIDERXWPPROH+SHUNJRIVRLO>@,QFXEDWLRQH[SHULPHQWVRIVRLOVKDYHVKRZQLQFUHDVHGPRELOLW\RIKHDY\
PHWDOVLQVRLOVDIWHUWKHDGGLWLRQRIDPPRQLXPIHUWLOL]HUV>@)XUWKHUPRUH&U,,,FDQEHR[LGL]HGE\0QR[LGHV
EHIRUHLWUHSDUWLWLRQVLQWRWKHVROLGSKDVH0DQFHDXDQG&KDUOHW>@GHPRQVWUDWHGWKDW&U,,,R[LGDWLRQRFFXUVDIWHU
GLVVROYHG&U,,,VRUEVRQWRVROLG0QR[LGHVZKHUHLWR[LGL]HVDQGLVUHOHDVHGEDFNLQWRVROXWLRQ)HUWLOL]HUDSSOLFDWLRQ
PD\KDYHDPXFKPRUHSURQRXQFHGHIIHFWRQ&UPRELOLW\DQGWR[LFLW\WKDQRQRWKHUJHRJHQLFWUDFHHOHPHQWVLQWKH
VRLOHJ1L&R7KHH[FKDQJHRI+&UUHVXOWVLQHQKDQFHG&U9,JHQHUDWLRQ>@7KHFRUUHODWLRQEHWZHHQ12
DQG 62 REVHUYHG LQ WKLVZRUN LV GXH WR WKH IDFW WKDW DPPRQLXP IHUWLOL]HUV DSSOLHG LQ VRLOV DUH LQ WKH IRUP RI
DPPRQLXPVXOIDWHMXVWLI\LQJWKHFRUUHODWLRQEHWZHHQ&U9,DQG627KHFRUUHODWLRQVEHWZHHQ&U9,DQG(&6XP
RIHTXLYDOHQWVRILRQVDQGPDLQO\EHWZHHQ&U9,DQG0JDUHLQDJUHHPHQWZLWKWKHILQGLQJVRI0LOOVet al.>@
DIWHUVRLOLQFXEDWLRQODERUDWRU\H[SHULPHQWV$FFRUGLQJWR0LOOVet al.>@FDWLRQLFFRQVWLWXHQWVLQLUULJDWLRQUHWXUQ
ZDWHUPD\DFFHOHUDWH&U9,SURGXFWLRQ$SRVVLEOHPHFKDQLVPRILQFUHDVHG&U9,SURGXFWLRQPD\EHWKHH[FKDQJH
RIFDWLRQVVXFKDV0JDQG&DIRUVRUEHG&U,,,DQGWKHVXEVHTXHQWR[LGDWLRQRI&U,,,E\0QR[LGHVSUHVHQWLQ
VRLO:HVKRXOGSRLQWRXWKHUHWKDWLWLVFOHDUIURPRXUUHVXOWVWKDWJURXQGZDWHULVHQULFKHGZLWKFDWLRQVRULJLQDWLQJ
IURPVHDZDWHULQWUXVLRQ
7DEOH&RUUHODWLRQPDWUL[RIWKHGHWHUPLQHGSDUDPHWHUV
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7KHUHVXOWVSUHVHQWHGLQWKLVZRUNSURYLGHHYLGHQFHWKDWDJULFXOWXUHVLJQLILFDQWO\FRQWULEXWHVLQWKHHQKDQFHPHQW
RI&UPRELOLW\DQGWR[LFLW\E\GLUHFWDQGLQGLUHFWSURFHVVHV'LUHFWSURFHVVHVDUHDVVRFLDWHGZLWKLQWHQVHIHUWLOL]DWLRQ
7KHSUHVHQWZRUNIRFXVHGRQWKHUROHRIDPPRQLXPIHUWLOL]HUV7KHUROHRISKRVSKDWHIHUWLOL]HUVZDVDOVRLQYHVWLJDWHG
LQRWKHUVWXGLHV>@EXWLWLVQRWSRVVLEOHWREHGLVFXVVHGLQWKHSUHVHQWSDSHUGXHWRVSDFHOLPLWDWLRQV7KHLQGLUHFW
SURFHVVDSSHDUVWREHVHDZDWHULQWUXVLRQLQWKHDTXLIHUGXHWRRYHUSXPSLQJRIJURXQGZDWHUIRULUULJDWLRQ7KLVSURFHVV
UHVXOWVLQDVLJQLILFDQWHQULFKPHQWRIJURXQGZDWHUZLWKFDWLRQVDPRQJZKLFKPDJQHVLXPDSSHDUVWRSOD\DQLPSRUWDQW
UROHLQ&U9,JHQHUDWLRQ
&RQFOXVLRQV
,Q&HQWUDO(YLD LQWKHUHJLRQRI3VDKQDJURXQGZDWHUTXDOLW\LVVLJQLILFDQWO\DIIHFWHGE\DJULFXOWXUHZKLFKLVD
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